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OVERHEAD ELECTROLYSIS AND PORCELAIN 
STRAIN INSULATORS 

BY S. L. F O S T E R 

ABSTRACT OF PAPER 
There is a slight leakage of current from trolley wires to earth 

through insulated supports on all electrical overhead construc
tion, which if not checked permits a flow of current which gives 
rise to electrical separation of water into oxygen and hydrogen. 
The oxygen liberated acts vigorously upon the adjacent metal 
parts which in time become badly corroded. This electrolytic 
action also seems to remove the galvanizing from live metal 
parts before attacking the iron. A partial remedy for this 
rusting of live galvanized wire is painting. 

This electrolytic effect is also seen to take place over strain 
insulators where the creepage distance is insufficient. This 
indicates that a creepage distance proportional to the conditions 
met must be secured to stop thè flow of current around the out
side of the insulators. The author concludes that, under fog 
conditions, the insulator surface exposed for creepage is in
sufficient in our present standard devices. 

Another form of overhead electrolytic action noticed in 
electric railway work is caused by use of dissimilar metals in con
tact. Sulphuric acid and other fumes in the air, and ozone from a 
nearby ocean, are supposed to be the electrolytes that set up a 
local battery action at these points of contact. The logical 
remedy for this trouble is to use similar metal in contact. 
The paper then describes the troubles encountered in San 
Francisco due to these causes and the remedies which have 
been applied. 

/ ^ \ N ELECTRIC railway construction in damp climates, and 
^* more or less in all climates, there is a light leakage of current 
from the trolley wire to the earth through the insulated supports. 
This flow of current if unchecked produces the same results as 
usually follow the electrolytic separation of water into oxygen 
and hydrogen. Oxygen is liberated at the positive end of the 
insulating device or the end nearest the trolley wire and attacks 
the metal immediately adjacent to the insulation. In the case 
of galvanized iron the zinc covering or galvanizing is soon re
moved and the iron is acted upon vigorously by the oxygeri. 

This effect is seen on the bolt or stud that fastens the trolley 
ear to the trolley hanger. The threaded lower end will be found 
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badly corroded, even though it had been smeared with thick 
oil on installation, while the rest of the bolt is less rusted. The 
explanation seems to be that a leaking current in passing from 
the exposed part of the bolt around the outside of the insulation 
to the metal body, by which the span wire is attached to the 
trolley wire, electrolytically disassociates the oxygen and hydro
gen of the moisture present, the oxygen appearing at the positive 
pole and at once attacking the iron stud. 

The electrolytic action is also seen in the film of green copper 
salt that spreads from the head of the brass ear over the lower 
surface of the cone to the iron hanger in cap and cone construc
tion where exposed for long periods to moisture or salt spray, 
practically destroying its value as an insulator. 

Iron oxide or rust, as it is usually called, occupies 2.2 times 
as much space as the iron from which it was formed and this 
continuous growth exerts a powerful lifting or heaving effect 
on the insulation above it. The progressive oxidation of iron 
results, in the case'of the insulated bolt form of span wire insula
tion, in rupturing the enveloping material and gradually pressing 
the pieces further and further from the bolt, reducing the insula
tion resistance in proportion to the destruction of continuity of 
the enveloping insulating material, until the hanger becomes 
worthless as an insulator during wet weather. In the cap and 
cone form this oxydizing action results, in splitting the cap in 
various directions and destroying its insulating value. In the 
cap this splitting of the insulating covering has been reduced 
by having the stud hot-dip galvanized before the insulation is 
pressed on it in the process of manufacture. 

In the strain insulator this creepage-electrolysis effect is also 
seen. A globe strain, for example, exposed in a damp climate 
a few months as the only insulation between an uninsulated 
curve hanger and the pole (even in the case of a wooden pole) 
will show a heavy ring of iron rust around the shank of the eye 
on the end of the insulator toward the trolley wire, and a white 
zinc efflorescence on the end toward the pole while the interior 
upon crushing will be found to be clean and intact, its insulating 
conditions as good as ever and the galvanized surfaces bright 
and unimpaired. If time enough elapses this oxydation will 
split the spherical composition insulation open in cracks at the 
end toward the trolley wire. This seems to be due to simple 
electrical leakage over the three inches of surface of the insulator. 
I t is too small to be measured with an ammeter and causes no 
hot poles nor opened circuit breakers. 
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With some forms of strain insulators this flow of current might 
be called " sneakage " as it occurs without outward sign through 
the interior of the device until the resistance has been broken 
down sufficiently to allow a clear path. In the case of a single 
insulator in the span wire there then occurs the phenomenon of 
a shocked lineman, a hot pole, a burned off support or occasion
ally a dead-grounded feeder at the power house. As a safeguard, 
three of these expensive insulators are sometimes seen used in 
series at each end of a span wire. This is probably the best meth
od of increasing the creepage distance sought for provided 
the insulation is proof against " sneakage.'' 

There is another interesting phenomenon connected with this 
leakage of current along span wires and guys. The current seems 
to pass off from the exterior of the live wire first removing elec-
trolytically the galvanizing and then attacking the iron. In 
moist climates and especially where exposed to salt spray the 
" extra " or " double " galvanized strand when used where 
leakage current along it is possible rapidly becomes denuded 
of its zinc covering, gets red with rust, becomes pitted and quickly 
loses its tensile strength as if the wire being positive to the earth 
were discharging through the moisture of the atmosphere through
out its whole length. It may be claimed that action is due to 
insufficient galvanizing or to* local action from impurities in the 
iron of the wire. That it is chiefly due to an electrolytic action 
is shown by considering guy wires put up nearby at the same 
time and used where little or no current could pass along them as 
in the case of an insulated drop guy between two wooden tele
phone poles attached below the crossarms on each pole. Here 
the galvanizing though unpainted was unaffected by the elements. 

A partial remedy for this rusting of the live galvanized wire 
is painting as is seen by considering the end of a guy wire where 
it was painted at the wrap around the iron pole and beyond. 
Where painted it was not affected and was full size although cor
roded badly where unpainted. This corrosion also occurs when 
bare copper is used for guys or spans and is alive unless these 
wires are oiled or painted. That the trolley wire does not 
show effects of the action is supposed to be due to it being pro
tected by a film of lubricant thrown upon it by the passing 
trolley wheels. 

These points seem to teach that it is not only the high insula
tion puncture and flash-over tests of the trolley wire devices nor 
the crushing strength of the composition that are important 
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but the securing of a creepage distance proportional to the con
ditions met with so as to stop the flow of current around the out
side of the insulating parts. 

The substitution of glass or porcelain for the usually more or 
less fibrous and absorbent compounds in strain insulation pre
vents " sneakage " which is a distinct gain but still leaves 
the creepage along the surface. The gain is always being 
able to see the condition of the insulation in a properly designed 
glass or porcelain strain insulator, and in the reduced price 
originally, and for maintenance, has been considered in accounting 
for its popularity more than the danger from breakage of the 
relatively more brittle vitreous material. From this it would 
seem clear that the surface exposed for creepage is not enough 
under fog conditions in our present standard devices. 
Proper demand for neat, light weight parts has been com
plied with but we have not left enough distance between positive 
and negative sides to sufficiently protect the trolley supports 
from electrolytic action, necessitating that the hanger insulation 
be reinforced by a generous amount of permanent creepage dis
tance in the span wire insulation—a creepage distance whose 
amount will not be reduced nor impaired by any electrolytic 
action in or around the strain insulator as it has been seen occurs 
on the underside of the cone in the hanger insulation when the 
surface is covered with a conducting film of metal or metallic 
salt from electrolytic action on the boss of the brass ear. 

One factor is often overlooked that helps to neutralize the 
results of creepage—the insulation of the iron pole itself. Con
crete is a fair insulator when dry but unless there is a layer of 
it under the pole the pole is not insulated as well as it could 
reasonably be. This concrete setting, as far as it goes, is a pro
tective against the electrolytic injury to the wires and hangers 
above. 

Leakage ground is not confined to iron poles but occurs 
on wooden poles on which there should always be a sufficient 
strain insulator in the span wire at either end. In the case of 
iron poles, if one strain insulator does not suffice two should 
be used, one about two feet from the trolley and one six feet 
from the pole. If two do not check the corrosion at the hanger 
and elsewhere on the span wire, insulators with more creepage 
distance over their insulated parts should be used as, for example, 
long wooden insulators. These latter, however, lack the tensile 
strength and the interlinking feature of the disk or cubical or 
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" goose egg " porcelain strain insulators. Disk insulators are 
heavier, more expensive and more liable to fracture from stones 
or wild trolley poles than the other kinds. 

All galvanized iron strand intended for overhead use in con
nection with electric railway work is given by some companies 
two coats of linseed oil paint by dipping the wire, previously 
made up in coils of conveniently portable size, in a bath of paint, 
allowing the first coat to dry and dipping the wire a second time. 
It costs far less to apply the paint by immersion than with brushes 
by men on ladders or tow er-wagons after the wire is in place. 
A paint giving the best results is the ordinary pole paint made 
with linseed oil as a vehicle and a metal oxide as a filler. 

All joints made by the linemen in galvanized wires or cables 
should be painted at least one coat. The zinc of the galvanizing 
is scraped off the wires by the pliers, and unless painted, local 
action begins at once. All overhead parts should be painted 
before being installed and when poles are painted all wire and 
all cable joints, strain insulators, etc. within reach of the painters 
should be covered liberally with paint. This linseed oil harms 
nothing, is a good insulator and is the best known metal preserva
tive. Local action will commence at once where the zinc 
covering has been abraded in handling the galvanized article. 
The covering of paint prevents this action from taking place 
by keeping the electrolyte from contact with the dissimilar metals 
in the injured surfaces. 

There is another form of overhead electrolytic action met with 
in wires used in electric railway work. This is caused by the 
use of dissimilar metals in contact. Galvanized iron cables 
attached to the brass eyes of curve hangers, of spherical strain 
insulators etc. leads to rapid rusting off of the wire at the point 
of contact. The sulphuric acid found in the air of cities from 
the combustion of coal, from the escaping fumes of chemical 
works, the salt spray and ozone from a nearby ocean, etc. are 
thought to be the electrolytes that serve to start a local battery 
action. This action probably explains some of the corrosion 
at the thread of the hanger bolt that results in loose hangers in 
the ears. 

The logical remedy for this is to use similar metals in contact— 
galvanized iron cable with galvanized, iron parts and copper 
or bronze cable with brass parts. The local action will then 
be a minimum. Applying a heavy oil to the thread of the hanger 
stud when screwing it into the brass ear is a palliative by neutral-
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izing the electrolyte. As copper guy or span wires are more 
expensive than galvanized iron ones and do not withstand 
the blows from wild trolley poles as well, brass parts had better 
be replaced by galvanized iron ones for all overhead trolley work. 

I t is logical to believe and difficult to disprove that some of 
the wasting away of the iron pole at the top of the concrete 
setting, that sometimes seems to defy the painters and is often 
charged to the dogs, may be due in part at least to electrolysis, 
the leaking current passing from the iron of the pole along 
the damp surface of the ground toward the rails. Exceptionally 
rusty pole bases in spite of usual attention from the painters 
should justify investigations being made into the condition of 
the insulation in the span wire and at the ear. 

In San Francisco these problems presented themselves early 
in electric railway experience and have been solved one after 
the other, producing not only improved conditions electrically 
but increased strength mechanically, reduced original cost, re
duced maintenance cost and both greater safety for the workmen 
and greater rapidity of work. The first problem taken up was 
the electrolysis from the combination of the brass eye in the 
strain insulator and the galvanized iron strand. The galvanized 
strand corroded at an extraordinary rate in the brass insulator 
eye. This was remedied by having galvanized iron eyes used 
in the strain insulators in place of the brass eyes. Here there 
were two gains. The iron eye was stronger than the brass eye 
and the galvanized strand lasted longer in the iron eye than it 
did in the brass one. 

The second problem was the failure of the strain insulators 
due to the heaving action of the iron oxide at the positive end 
of the insulator as already described. 

For long periods during the summer months the heavy salt 
fog lay on the land near the ocean and kept the surfaces of these 
insulators bathed in moisture. The growing oxide forced the 
composition insulation open in numerous crevices and when the 
first winter rains came there were many hot poles reported on 
the system. The first rain storm of winter was a day to be dreaded 
by the linemen then. Between 1893 and 1901 every kind 
of strain insulator on the market was tried and found wanting— 
mica, composition, globe, Brooklyn etc. In 1901 a cheap glass 
later displaced by a porcelain cubical or " goose egg " strain 
insulator was adopted for all trolley work. Since then such a 
thing as a hot pole from a defective strain insulator has been un-
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1. SINGLE LINK FOR SMALL PORCELAIN INSULATOR. 
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heard of during rain storms or at all. The creepage distance 
was no longer on the porcelain strains, insulators, in fact, nor 
half as long as on the globe strain, insulators that were displaced, 
but the creepage current did no harm to the vitreous insulator, 
was entirely on the exterior of the insulator and when the rain 
came there were no crevices or exposed fibrous surfaces to ab : 
sorb moisture and facilitate leakage. The rain washed off the 
porcelain insulator and improved its insulating qualities if 
anything. 

When there was a little or no fog a single porcelain insulator 
was used at each end of the span wire. Where the fog was 
heavier or there was feeding cable from a feeder used as a span 
wire two insulators were used in series. On particularly exposed 
lines along the cliffs around the Golden Gate even two of these 
and of a larger size did not suffice, and long wood strains had to 
be substituted, but that story will come later. Recently a 
state law has been passed requiring a strain insulator two feet 
from each trolley wire in the span wire and one at each end of 
every guy wire or cable. The result of this will be at least two 
porcelain strain insulators between the trolley wire and the 
pole everywhere. 

The porcelain insulators referred to are of two sizes. To save 
the linemen's time and to improve the appearance of the over
head construction hot dip galvanized wrought iron welded links 
were made for use with the porcelain insulators. These links 
seem to be as durable as the insulators and were made in the fol
lowing forms: single links for pole band attachment, double links 
for feeding at the pole or for feeder cable dead-ends, triple links 
with triangular bull-ring for curve pull-off poles. The links for 
the small insulators were made of f-in. and for the large ones of 
J-in. round Norway iron. The triangular bull-rings were made 
of f-in. steel. 

The essential information relative to the two sizes of porcelain 
strain insulators referred to are as follows: 

Small Large. 
Diameter 2f in. 3J in. 
Length 3^ in. § in. 
Width of grooves \ in. 5 in. 
Weight 1J lb. 3 lbs. 
Crushing test 12,000 lb. 18,000 lb. 

• Flash over test-new, dry 10,000 volts . 30,000 volts. 
Color Dark brown. Dark brown. 
Cost each 4J cents. 2 3 | cents. 
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The single link for the small insulator costs 10 cents and for 
the large one 15 cents. The smaller insulator is used in all 
spans and guys except those under extraordinary strain such as 
dead ends for trolley wires, 1,000,000-cir. mil cables etc. where 
the larger one is always found amply strong. 

The method of use of these insulators ensures interlinking of 
the metal parts and maintaining of the conductor in the air in 
case of fracture of the porcelain which seldom occurs. 

Where composition strain insulators are used, and from bitter 
experience the linemen have learned to know that their elec
trical sufficiency or insufficiency cannot be safely inferred from 
their external appearance, these men are accustomed to test the 
span wire before beginning work by making a rapid electrical 
connection from the trolley wire to the span wire with the opened 
handles of their connectors or gas tongs. 

With porcelain insulators in the spans such tests are 
never required nor made by the men, as a glance at the insulator 
is all that is necessary. If the porcelain insulator is in place it 
must be intact and its insulation makes the span wire safe to 
handle without danger of it proving to be connected to the earth. 
Its external appearance is satisfactory evidence of its electrical 
sufficiency. The linemen also save the time formerly spent in 
testing the insulation of the span wires. 

Further, there is little or no danger of the porcelain insulator 
failing while the men are working on its span wire, however 
old the insulator may be or however long it has been in service. 
A rifle bullet a blow from a stone thrown at it, or from a wild 
trolley pole are the only causes of injury to these insulators met 
with in our experience, and there are very few breakages indeed— 
hardly one-tenth of one per cent. 

• During the great San Francisco fire of 1906, all the expensive 
composition strain insulators, and in fact, all composition over
head parts such as caps, cones, one-piece hangers etc. swelled 
up under the heat and went out of business as electrical insulators 
whereas most of the· cheap porcelain strain insulators passed 
through the ordeal safely and were gladly used again in the re
construction, as the stocks of overhead material in our storeroom 
and those in the storerooms of all the local supply men had been 
destroyed. 

The fact that these porcelain insulators in the span wires had 
withstood the flames enabled the main crosstown line to be put 
in service in less than 24 hours from the time the conflagration 
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subsided. The new trolley wire has used tied to the span wires 
with the temporary construction wire ties only, the porcelain 
strains at each end of the spans furnishing sufficient insulation 
between the trolley and the iron poles until the lacking hangers 
and ears could be obtained from outside the city. 

From an ever expanding fourteen years experience with porce
lain for all 500 volt d-c. electric railway strain insulator work, 
except extreme fog conditions, it has been proved in San Fran
cisco practise, where there is neither snow, ice nor sleet and but 
little lightning, that porcelain is the best material for the pur
pose. 

It is incombustible, nearly indestructible, invulnerable to 
atmospheric actions, requiring no original or subsequent pre
servative treatment, painting, testing or other attention, having 
higher compressive strength combined with small dimensions, 
protecting by the interlocking metal parts the conductors from 
falling, preserving the workmen from unexpected electrical 
shocks or waste of their time in determining the condition of the 
insulation by test, being cheaper to buy, costing nothing to main
tain and enduring forever as good as when new. 

The change in 1901 to porcelain as the exclusive material for 
strain insulator uses marked as important an advance in the art 
of keeping down the cost of maintaining the overhead construc
tion of the trolley lines in San Francisco as the advent of the 
clinched ear in place of the soldered ear did a few years later. 

The creepage distance from conductor to conductor on the 
smaller porcelain strain is only about f of an inch. On our 
ocean exposed line skirting the Golden Gate we used the larger 
insulator on which the creepage distance was 2 inches. This 
did not prevent the rapid corrosion of the galvanized support 
cables. 

In San Francisco fog practise, the size of the span wire has 
been increased from \ to 5/16 to f inch and of guys from 5/16 
to f to J inch in order to lengthen the life of these cables. 
On this Cliff Line the overhead strand lasted only about two 
years. When one large porcelain did not answer, two in series 
were tried on this wood pole construction. Then wood strain 
insulators rive inches between heads were tried only to have the 
iron heads corrode off rapidly. Wood strain insulators 15f 
inches between heads really seemed to increase the life of the 
galvanized strand although the heads toward the trolley wise 
showed the characteristic electrolytic action and a heavy iron 
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oxide quickly accumulated over the sherardizing, the insulator 
heads toward the pole remaining normal. 

We are now making homemade wood strain insulators 24 
inches between conductors that are expected to ensure reasonable 
durability to these exposed "Extra" galvanized cables which, 
it should be stated, had been painted two heavy coats of linseed 
oil paint by dipping, previous to being put in place, as is done 
with all the strand of all sizes that is used in the overhead work. 

These wood strain insulators last referred to are made of maple 
and boiled 24 hours and cooled off in linseed oil before being 
painted. They are 2 \ in. thick, octagonal in section and pass a 
tensile strength test of 5000 pounds without showing any signs 
of distress. 

It perhaps should be made clear that the porcelain insulator 
is subject to the same limitations as to protective power, accord
ing to creepage distance, as other forms of strain insulation. 
Where this distance is insufficient for the fog conditions met with, 
the conductor on the positive or trolley wire side of the insulator 
will be gradually weakened by the electrolytic action already 
described. This progressive deterioration is always visible, 
however, in the porcelain insulator construction, and the failing 
cable is usually replaced by a sound piece before the span or guy 
breaks. An additional insulator or one with longer creepage 
distance can be inserted at this time if the conditions seem to 
justify it. 

In the absence of fog, this electrolytic weakening of the span 
does not become serious, and there are many cases in San Fran
cisco outside the fire zone of 1906, where the original single small 
glass insulator per span, and original span wire installed thirteen 
years ago, are still in use and in satisfactory condition. 


